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iiiT}{ODUc:Tiori 
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Durintj dcveloi^nent and tect phases of the voice comiDunication 

« 

systems for the Apo.Tlo Missions, communication engineers recognized that 
the design of voice communication cquixjinent for optimum performance 
depends on m.ony factors. These arc (l) voice operated relay perfumance, 
(2) voice signal spectrum shape, (3) signal dynniaic range, (4) automatic 
gain control, and signal clii)ping levels. Ml of the factors contri- 

t 

bute to the optimum performance of a given system in their ovm special way. 
For example, the voice ojierated relay can disturb the speech if the turn-on 
and cut-off times are not i^roperly designed. If the turn-on time is too 
long, the first vrord of the voice transmission v/i3.1 be lost. Likevase, 
if the cut-off time is too short, the voice messege becomes very 
choppy. Although simx)le in statement, these(on- ofi), times play an 
important role in determining the oveiall intelligibility of a voice 
system. Similarly, all of the other four parameters play important roles 
tovmrd determining voice intelligibility. So that the proj)er design of all 
of these parameters can be implemented into the development of future voice 
communication equipment, the material to foilow presents the concept, de- 
sign, and specification of a voice system simulator. This simiUator is to 
be a design tool which will provide a means for simultaneous or individual 
aiialysis of all of these parameters. 

Preliminaiy work on this project v;as begun in January 19^9 • However, 
completion of the project is not expected until late in r9o9> or the early 
part of 1970* At the completion date, the unit shall be ready for use. 


COIICEFr 


The concept of the Voice Coimn System SlraiJLutor (VCSS) is that 
it is a universal au^io test imit whicli will encomi)ass 
variable voice proccssinc techniques. Such techniques 
arc: (l) Voice-operated relay, (2) voice spectrum shaping, 

(3) voice dynamic range, (4) automatic gain control, and 
(5) voice clipping. Voice clipping, as well as the other 
four techniques, will provide the variable .lai^ability of 

# 

the test unit in that each technique can be indeijendcntly 
adjusted. Being independently adjustable, these teclmiques 
can be maue to simulate an Audio System of many different 
characteristics. For example, changing the spectrum of 
the voice, while holding all other parameters constant, 
significantly affects the output signal., thus providing a 
signal different to the one which existed before the spectrum 
change was made. The same is true v:hen either one of the 
other four parameters is changed. It is most important that 
this kind of variable capability exists in the Voice Com System 
Simulator (.VCSS) because it provides the versatility needed 
to effectively simulate and study nn extremely large class 
of audio system characteristics. Therefore, the concej)! 

I 

of the audio syste.m sLmulatOi is a universjil voice system 
comxjosod of a number of subsystems, representing independently 
variable system parajueters used as design tools for the 
development of voice communication equipment. 
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The Voice Comm System Cinuilator (VCSS) is to consist of seven in- 
dependent modules v/hlch can be arranged into any coml>ination of 1 

througli 7* Six of these seven modules shall be different from 
each other and perfona particular oj)cration on a 
voice signal. Modale one, for example, shall perform band- 
limiting and vox-operations; moditLe two sliall perform 
spectrum shaping; module three shall provide variable 
dynajaic range; module four shall perfom automatic gain 
control functions; module five shall perfom voice clipping; 
module six shall perfom outx^ut bandwidth limiting, and 
modale seven shall perform the final outijut amplification. 

Physically, the VCCS shall be contained within a three 
to four foot relay rack and be portable either by v^heel or 
hand carrier. Each module shall be connected via a Trumpeter 
patch panel. This patch panel v;ill allow cither module to 
take the position of any one of the other module’s position 
in the normal system sequence. The normal sysl»era sequence 
is shovm in Figure 1 and a pictorial concept of the system 
is shovm in Figure 2. TheVCSS shall also provide external 
control for i)roviding adjustments of parameters contained 
in each module. 

3.0 SYSTili DESIGK & SPECIFICATION 
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The dcslcii of the VCSS shall uce tv/o tiijproaclies; they are 

9 • 

the utilization of off-the-shelf equlpraent and (2) In-houae 
circuit developuifjnt, Off-the-ehelf eciulianent will be used 
to provide the band -limiting and spectrum- sljax)ing functiors 
which corresponds to modules 1, 6, and 2, respectively. 

AJ.1 other modvilos shall be designed from in-house circuit 
development. Recommendations are provided in Section IV 

of this paper, for circuit concepts. 

( 

ilxccpt in the off-the-shelf equix^ment, transfonners 
wiU. not be used. However, the input imi)edances for all 
modules shall be designed around 600 oluns and the output 
impedance is to be less than 6o oluns. More details of 
these recxulrcments are found in the next section on 
specifications. 

'specificati on 

The main specifications for the VCSS are given in Table 1, 
thus, this section provides only notes and comments to 
that set of specifications. Beginning with meiixLes, the 
sjjecial notes and comments are as follov/s. 

Module 1; VOX and Variable Bandwidth 
Varlable_Bsndwidth_ 

Tiie variable bandwidth shall bo cohtinuously variable from 
DC to 20 kHz, therefore, providing a signal with any band- 


width beWeen DC and 20 KHz. 
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. 3 - 2 . 1 ,?. 


3 .?. 1 . 2.1 

3 . 2 . 1 . 2 .?. 
3 . 2 . 1 . 2. 3 

3 . 2.2 


3.2.3 


3.2.4 


3. 2. 4.1 

3 . 2 . 4. 2 

3. 2. 4. 3 


y^OX:_ Vo^ce Op^ratod_^Rol^ 

The voice opcrut'.d relay, shall have a variable threshold, 
a variable turn-on tiinc, and a variable release time. 

The threshold .shall be fidjustuble over the entire input 
range, -V8.? to +2.2 dbm. 

The turn-on time shall be adjustable from 0 to 10 ms. 

The release time shall be adjustable from 100 u.s to 2 sec. 

Tlie nor^uU. time shfUJ. be 500 ms. 

0 

Module 2; Spectriun Shaper 

This modulo shall have a resolution of one-third octave and 
the level in each one-third octave (represented by a l/3 
octave bandpass filter) shall, be adjustable f.»om 0 to 60 db. 

Mo dule 3: Dynajrdc Ranee (see also Sec. 3.2.8) 

This module shall have a nonnal internal noise level, at 
the module input, of 5 However, this noise level shall, 

be adjustable by additive means, to a level of one volt mis. 
Module h: Automatic Gain Control 

This module shall have four variables. These are (l) attack 
time, (2) release time,' (3) threshold, and (4) dynamic range. 

The attack time shall have a nonnal value of 10 ms and be 
variable from 1 ms to 100 ms. 

The release time shall have a nonnal value of 600 ms and be 
variable from 100 ms to 2000 ms. 

The upper and lower threshold shall, be separated by 30 db 

and a noiwil setting shall be 0 dbv to 30 dbv. Hov/ever, the range 
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3»2.U,h 


3. 2. 5.0 


3 . 2 . 6.0 


3. 2. 7.0 


3 . 2 . 8.0 


4.0 


from 0 db to 30 db nhaLl bo shiftable over the d^yiiamic i*an^e. 

For exai.iplfc, if the lov;or Itiait of t^ie tiires})old is -0 db. 
the upper limit shaJJ. be +22 db. Sec Figure 3. 

This function shall -be variable in that the minimum noise 
level, 5 microvolts, at the system injjut can be increased 
to any desired level up to 0.5 volts rms. 

Module 5: Speech Clipper 

This moduJ.c shoLl have a speech clipx>er v:ith a variable 
cliijping level from 0 db to jnfinity. V/here infinity is . 
defined as the point where only the zero axis crossing of 
the signal remains. 

Module 6; Variable Bandv^jdth 

Tills module shall be the same as the bandv/idth section of 
Modi le 1 . ■ 

, Module 7: Output Ajnplificr 

This module shall nave a variable gain from 0 db through 
+22 db. 

In addition to the coimr.ents of section 3.2.3> the dynamic 
range module shall bo designed such that the range c:ln be 
symetrically variable. In other v:ords, when varyirig the 

dNiWiiic, range, both the negative and positive amplitude halves of 
the signal shall be expanded or reduced simultaneously to/from 
sat’.u'ation Io^ati to the noise level desired. 

SYSTEM DEmOH-EriT PIAII 

Tlie development of the Voice System Simulator is to be con- 
ducted through tv.'o means. The first is the purchase of eff- 
thc-sheif equipment ?u’d the second is in-house development. 
Equipment porcho,ses arc to be* initiated simultaneously v;it}i 
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the initjatiori of the in-hoaso developnent . The in-house 


development bo broken do’^^m into the design and con- 

struction tasks. Kacli of these tasks v;ill correspond to 
the design and jjnxjleinentation of iJjtrticular modules. Since 
each module is to ox-»erate independently of the other, a 
para]J.el task effort v;ill be performed. A special task 
v/ill be iifiplenented for the design and implementation of 
a common pov;er supply to supply all modules exccjjt tlie 
off-the-shelf equipment. After all modular tasks have been 
completed, a system implementation and test task shall be 
performed to prove the functional operation of the .system. 
To perform the system implementation task, test plans and 
procedures v^ill be prepared. FoUov^ing the system imxxle- 
mentation task, a task shall .be perfomed to prex>are 
instruction and theory of operation manurls. Figure h 
provides a bar graph, outlining the System Doveloxjment 


Plan discussed above. 
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